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Fffective reconstitution of dry whole milk in water in
preparation of a fluid product which simulates fresh
homogenized milk depends upon rapid dispersion of the
milk powder constituents. The rofe played by the lipid
materials in self-dispersion and in dispersibility ¢ has not
been determined ; yet their physical properties indicate
their potential importance. For example, in the liquid
state, certain lipids may alter the surface tension of the
aqueous medium and the interfacial tension of powder
particles. When some lipids are subjected to tempera-
ture change, which permits melting and solidification,
different crystalline forms may occur.

Mill fat, a term used to represent all of the lipids
present int milk, is chiefly a mixture of different glycer-
ides. As a result, its transition from the solid to the
liquid state is not sharp, but occurs over a temperature
range. Rogers ef al (9) report that the melting range
of milk fat is 28°-36° C. (82.5°-96.8° F.).

In spray-dried whole milk powder the milk fat is dis-
tributed among the other powder materials in the form
of globules. Globule size depends to a large extent on
the processes employed in manufacturing. During re-
constitution these globules are dispersed, along with the
other powder constituents, and finally are resuspended
as an emulsion in the serum of the reconstituted milk,

This research, a part of a program designed to im-
prove the dispersibility of dry whole milk, was under-
taken to investigate the influence of lipids on self-
dispersion and on ease of dispersion by low energy
stiyring.
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4 The term dispersibility has developed into common use,
especially in connection with research and development of dry
whole milk at the Quartermaster Food and Container Institute.
Stegeman (19} used redispersion of dry whole milk to designate
the act of preparing fluid milk from milk powder and dispersi-
bility to imply a characteristic of a powder to redisperse. In this
paper, dispersibility is used to designate ease of and completeness
or extent of dispersion of milk powder in water with agitation
to form a product which simulates fresh homogenized milk, The
scope of this investigation did not include a study of complete-
ness of dispersion.
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REVIEW OF THE LITERATURE

The cffect of heat on the solubility ®* of milk proteins has
received the attentios® 6f many investigators ¢4, 12) but there is
a lack of published information on the influence of milk fat and
other lipids on dispersibility of dried milks. However, in con-
nection with investigations en dispersibility, various methods for
estimating and studying certain dispersing properties, (wetta-
bility, for example) were developed which reveal some of the
approaches used in dispersibility studies.

Kleinert (5) described a method for measuring wettability,
based on seli-dispersion as determined by a turbidimetric tech-
nique, Eater, Ashworth (1) proposed a wettability test in which
the percent solids self-dispersed in 5 minutes under specific con-
ditions was designated as percent wettable. Both of these investi-
gators found that whole milk powders with good wetting
properties, as determined by their techniques, were more sofuble
than those with poor wetting properties,

Nickerson et al. (8) estimated wettability in terms of the
time required for milk powder particles to sink befow the sur-
face of water on which they were dusted, and dispersibility by
noting the time required for particles to lose their identity when
immersed in water at room temperature. The National Dairy
Research Laboratories (7} developed a turbidimetric method for
estimating self-dispersion and a shaking method for determin-
ing dispersibility. Corne and Ashworth (3} developed a new
quantitative manual shaking method for determining the solu-
bility of milk powders in which they attempted to simulate home
kitchen conditions in respect to temperature, concentration, and
agitation,
~ Tracy and Wilster (7]} cstimated reconstitutability by the
appearance of undispersed material remaining after filtration of .
the reconstituted product through a black organdy pad having
74 meshes per inch; completeness of reconstitution was esti-
mated (a} from the solubility index, (b) by microscopic exami-
nation of the mitk film, and (¢) by the appearance of the recon-
stifuted milk after shaking ane pint of the product in a quart
hottie.

As pointed out in the preceding review, the characteristic
property of milk powder to self-disperse in water, especially in
reference to a time factor, has been associated by various
workers with the wettability of the product. No established
method for quantitative estimation of ease of dispersion of milk
powder in water by low energy stirring is in evidence in the
literature. Preliminary data obtained in connection with this
study indicated, however, that the dispersing properties of
whele milk powder are affected by the mitk fat.

EXPERIMENTAL

Determination of self-dispersion. Apparatus: The apparatus
for estimating self-dispersion consisted of a screening and test-
ing device. The screening device was made by securely fastening
a circle of screen 150 mm. in diameter to a ring, which was sup-
ported by a separate ringstand, 2 mm. above the top rim of the
Buchner. funnel of the testing apparatus. The function of the
screen is to aid in manual distribution of the milk powder. The

* Solubility has been used to designate the ability of milk
powders to disperse in water to form a solution, suspension, or
emulsion, which simulates the physical characteristics of natural
milk ; however, the term is generally recognized as a misnomer.
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effectiveness is controlled, to a large extent, by the size of the
screen, and a ¥4-inch and 14 mesh screen were selected for use
when testing whole and nonfat milk powders, respectively. The
self-dispersion testing device consisted of an 82 mm. inside
diameter Buchner funnel, a farge stopcock, a coarse (40-60
micron) fritted glass Buchner type funnel (62 mm. 1. D), and
a filtering flask. These parts were assembled as shown in
Figure 1.

Procedures. (a) The powder was tempered (during at least
24 hours) to the desired temperature (the standard temperature
of powder for testing was 70-75° F.). (b} Fifteen grams of
tempered powder were distributed (by screening) over fhe sur-
face of 90 ml. of water (standard temperature 70-75° F.) which
was comained in the Buchner funnel of the testing apparatus.
(c) After 3 minutes, the mixture was rapidly drawn into the
filtering flask with the aid of vacuum (Ca 16 inches) and was
diluted to 200 ml. in a velumetric flask. (d) Total solids were
determined in a 20 ml. aliquot, and this weight times 1( repre-
sented the seli-dispersion value for the sample under analysis.

Figure 1, Apparatus for determining self-digpersion of
milk powder.

Determination of ease of dispersion. Kase of dispersion by

manual stirring was determined by the following procedures :
(a) A representative sample of the powder under analysis was
screcaed through a 14-mesh screen. (b) Fifteen grams of
the screened powder were added to 90 ml of water {standard
temperature 70-75° F.} contained in a 250 ml. beaker. (c} The
mixture was stirred for a designated stirring time with an ordi-
nary teaspoon * and then filtered with the aid of vacnum (Calb
inches) through a coarse (40-60 micron) fritted glass Buchner
type fltering furmel® (d) The filtrate was diluted to 200 ml.
and grams of total solids were determined in 2 20 ml aliquot.
This value times 10 represented the disperson value for any one
designated stirring time. {¢) Ease of dispersion was estimated
from the dispersion values resulting from 10, 20, 30 and 45
seconds stirring.

Total solid determinations. Twenty ml of represeniative
sample from the 200 ml volume of difuted milk filtrate were
transferred to a tared aluminum foil evaporating dish and were
held in a well-ventilated oven at 70-75° C. until the solids
appeared dry. Drying was completed in a convection current
oven in accordance with time and temperature conditions for
determination of total solids in milk as recommended in
AQAC (2).

f An attempt was made to disperse as much powder as possi-
bie, but care was exercised not to splash out of the beaker.

¢ Since difficulty in filtering was frequently encountered when
testing high heat nonfat milk powder (4), a 210 micron screen
was used instead of the coarse fritted glass funnel when testing
this type of powder.
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Preparation of milk powder samples. The premium grade
whole mitk powders used in this study were made in accordance
with MIL-M-1495A (6). Those made in this Laboratory were
dried with a Type N-3 Model N-25 G. Ind. turbulaire spray
driert ‘The iolet temperature was 350° F. and the outlet tem-
perature, 185° F. The evaporating capacity with this tempera-
ture differential was approximately 10 pounds of water per hour.
The atomizer pressure was about 60 p.s.i. with an estimated flow
rate of air of 9 cubic feet per minute. The atomizer nozzle was
a type N design TA 3.

RESULTS AND DISCUSSION

Influence of temperature of powder on self-dis-
persion. To obtain information on the effect of tem-
perature of whole milk powder on self-dispersion,
portions of 4 sample of premium grade product were
adjusted to various temperatures between 5 and 140° F.
then, self-dispersion in water at 75° F. was determined
on each tempered sample at its respective temperature.
The results appear in Table 1.

TABLE 1

Effect of temperature of dry whole milk powder on
self-dispersion in water at 75° F,

Temp. of powder l Self-dispersion i Temp. of powder | Self-dispersion
*F. grams *F. grams
5 0.846 80 0.684
15 0.816 85 0.762
15 6.786 95 0.893
40 0.806 100 6.337
50 0.793 110 7.776
69 0.695 120 8.320
70 0.613 140 8.786

These data (Table 1)} show that seli-dispersion varied
widely over a range of temperatures, Between 5 and
70° F. a slight decrease in self-dispersion occurred and
from 70 to 95° F. a slight increase occurred. However,
between 95 and 100° F. (near the melting range of milk
fat) a seven-fold increase in self-dispersion occurred.
From 100 to 140° F. there was a marked but more
gradual increase in self-dispersion of the dry whole milk.

In order to obtain additional data on the effect of
temperature of dry whole milk on self-dispersion, five
premium grade spray-dried powders, manufactured by
different concerns, were each divided into two lots. One
lot was tempered to 72° F. and the other to 120° F.;
self-dispersion in water at 75° F. was deternined on
each sample at these respective temperatures. The
whole milk powders which were tempered to 120°F.
gave higher self-dispersion values than those tempered
to 72° F. Four were 7 times higher, and one was 2.5
times higher,

Self-dispersion of dry whole milk may be affected by
temperature fluctuations. To demonstrate the effect on
self-dispersion of heating to 120° F., and cooling slowly
to room temperature, 3 powders were tested at tempera-
tures of 72° and 120° F. in water at 75° . Subse-
quently, the samples which were heated to 120° F. were
allowed to cool 2t reom temperature for 1, 2, 3, 4, 5 and
20 hours. At the end of each cooling time, self-disper-

b Manufactured by the Western Precipitation Corporation,
Los Angeles.




sion was again determined on each sample. The results
are shown in Table 2.

These data demonstrate that slow cooling of whole
milk powder from temperatures above the melting range
of milk fat to temperatures below this temperature

TABLE 2

Change in self-dispersion of dry whole milk due to heating
and cooling water temperature 75° F.

Sclf-dispersion measurements

Temp. of powder Ter:liprs;mg

Sample Sample Sample

L.2 L3 L-4
° . hosurs grams grams grams

72 (initial)... i2 0.694 0.657 0.503

12 9.524 8.897 2.3198

1 7.831 | o} e

2 6.027 [ o

3 3.795 O e,

4 0.639

s 0.616 3.757 2.390

20 0.488 0,999 0.467

range decreases self-dispersion, and that the decreases
occur over a period of several hours. Of interest was
the fact that different self-dispersion values, as com-
pared to the initial value at 72° F., were obtained after
heating and cooling. This difference may be attributable
to a different physical state of the newly solidified milk
fat, and will require further study, particularly along
lines of melting and solidification of mixed glycerides.
At powder temperatures below the melting range of
milk fat, nenfat milk powders generally disperse more
rapidly than whole milk powders. To demonstrate the
effect of temperature of nonfat powder on self-dispersion
in water at 75° F., samples of two spray-dried products
were tempered to temperatures varying between 5° and
120° F.; and self-dispersion tests were made on each
tempered sample. The results are presented in Table 3.
These data show that increasing the temperature of
nonfat millk powder increased self-dispersion; however,
a large, sharp increase did not occur near the melting
range of milk fat as occurred with whole milk powder.

TABLE 3

Effect of temperature of powder on seli-dispersion
of nonfat miltk powder

water up to 90° F., but between 90 and 100° F. there
occurred a large, sharp increase in self-dispersion, and
between 100 and 140° F., a gradual increase in self-
dispersion occurred.

Temperature of water had a different effect on self-
dispersion of nonfat dry milk than it had on self-
dispersion of dry whole milk. The nonfat powder
demonstrated a gradual increase over the entire tem-
perature range studied. In water at 150°F., self-
dispersion of nonfat powder was comparable to that of
whole milk powder in water at 100° F. The different
self-dispersion values which were obtained at the vari-
ous water temperatures in connection with whole and
nonfat milk powder; indicate that temperature of water
just above the melting range of milk fat acts to greatly
increase self-dispersion of dry whole milk.

TABLE 4

Influence of temperature of water on self-dispersion of whole
and nonfat milk powder at 72° F.

] Seif-dispersion of milk powder

Temp. of water

Whole Nonfat

*F. grams grams
0.682 1.042
0.663 1,444
0.683 1.364
0.731 1.580
0,786 1.855
0,782 2110
0.81% 2.599
0.963 2.861
1.420 3.364
8127 3.444
9,489 4.110
6.102
w391 |
...... 8.445

In order to further delineate the influence of lipids on
seli-dispersion, a 20% fat powder in which corn eil
replaced milk fat was made. Samples of this product
were tempered to various temperatures between 5° F.
and 120° F. and self-dispersion was determined at each
temperature in water at 75° F. The results appear in
Table 5.

TABLE 5

The influence of corn oil on self-dispersion of milk powder
in water at 75° F.

Sample No. L-1 Sample No. L-2
Fat content 1.25% Fat content 1.45%
Temp. of non-fat | Self-dispersion in { Temp. of nen-fat | Scif-dispersion in
powder waterat 75° I7, powder water at 75° T,
°F. grams °F, grams
5 1.765 5 3,157
35 1.759 35 3.833
72 1.8%6 72 4.484
100 i 1.681 100 4.953
120 1.928 120 5.239

Infiuence of temperature of water on self-dis-
persion. To determine the effect of temperature of
water on self-dispersion, whole and nonfat milk powders
at a temperature of 72° F. were tested using water at
various temperatures hetween 35 and 150° F.

The results {Table 4) show that self-dispersion of
dry whole milk was little affected by temperature of

Temp. of powder Self-dispersion Temp. of powder | Self-dispersion
*F. grams °F. grams
5 5.799 72 6.071
15 5.921 90 6.380
.50 5.845 . 100 6.511
120 65,492

At powder temperatures below the melting range of
milk fat, higher self-dispersion values were obtained for
corn oil powder than were obtained for normal dry
whole milk, but at powder temperatures above the melt-
ing range of milk fat, normal dry whole mitk gave higher
setf-dispersion values (Table 1) than corn oil powder
(Table 5). The rapid self-dispersion of cold corn il
powder may be attributable to the presence of liquid
corn otl at 75° I, the temperature of the water.

Effect of various levels of milk fat on self-dis-
persion. Milk powders, which varied in percent fat




from 7.5 to 48.3, were prepared in this Laboratory. The
amount of fat in the dried product was controlled by
standardizing the skim milk concentrates with homoge-
nized cream. The temperature on introduction to the
dryer was 160° F. and drying was done in the Turbu-
laire dryer. Each powder was analyzed for percent fat
arl moisture; and was tested for self-dispersion at
72° F, in water at 75° F. The data obtained are pre-
sented in Table 6.

TABLE 6

Effect of various Ievels of milk fat on self-dispersion
of milk powder

(Powder temperature, 72° F.; water tempereture, 75°F)

the melting range of the milk fat, investigations were
made as to the effect of temperature of dry whole milk
on ease of dispersion by low energy manual stirring. To
demonstrate this effect, 2 samples were taken from cach
of 3 lots of premium grade dry whole milk, and one
sample from each lot was tempered to 72° F, and one to
120° F. Self-dispersion and ease of dispersion determi-
nations were made in duplicate on each sample of
powder at their respective temperatures using water at
75° F. The results which are average values appear in
Table 8.

The expected increase in self-dispersion attributable
to temperature of powder was obtained. Also, the effect
of temperature’of powder on ease of dispersion during

Sample No. Self-dispersion | Percent moisture * | Percent fat?
grams TA
4.550 2.3 14 BLE & ) . )
F-L. 1.578 2.0 7.4 Effect of temperature of dry whole milk on ease of dispersion
F2. 1.448 2.2 9.8 in water at 75° F. by stirring
F-3.. 0,955 2.2 27.0
4. 0.527 2.3 34.9 y : - ;
g-g, et s oy Sample Tcm;()j. of disgzlrgion Grams dispersed by stirting for:
M-12, 0.909 2.0 26.2 no, powder | iy erams 10 see.  20sec. 30 sec. 45 sec.
1 A.0.A.C. Procedures. D-2382 72°F. | 0752 5.675  9.862 10.423 11.486
2 Premium Grade Whole Milk Powder. 120 7.956 9.55¢ 10.704 12,433 13.891
. L. . 11383 72° F. 0.918 5460  10.382  1i.[43  11.881
The effect of fat content on this characteristic dis- 120 7.660 9718 10919 12.257 13.151
persing property under these temperature conditions is D288 | 72" E | rem S0B2 11142 12.037  12.661
shown by the large difference in self-dispersion betwecn 120 6.918 10,822 11.062 12882 13.634

the nonfat control and Sample F-1. As the fat content
of the powder was increased, self-dispersion decreased.
In order to permit comparison with premium grade
whole milk powder (6) the analysis of M-1, a commer-
cial product, was also presented in Table 6. Samples
F-3 and M-1 compared closely in self-dispersion and
also in fat content.

Tt is probably coincidental that the two samples F-3
and M-1 (Table 6) gave nearly the same values for self-
dispersion, even though the fat levels are approximately
the same. For example, as is shown in Table 7, when 36
samples of premium grade dry whole milk were tested
for self-dispersion, values between (.303 and 1.209 were

\ obtained. However, the majority of the samples were
vincluded in the ranges .500-.599, .600-.699, .700-799,
and .800-.899, The temperature of powder and water at

TABLE 7
Distribution of self-dispersion values of dry whele milk

10 seconds stirring is clearly demonstrated. However,
for the other stirring times, the temperature effect was
not as evident by inspection of the data; therefore,
analysis of variance was made on the results obtained
for 20, 30, and 45 seconds agitation. The mean square
deviation (duplicates) and the mean square variance
attributable to temperature treatment together with their
significant levels calculated through their F ratio appear
in Table 9.

TABLE 9

Significant levels of variation on dispersion attributable to
difference in temperatures of 72° F. and 120° F,

: Number of Percent of tetal
Range in grams samples samples

1.000-plus..... 1 2.7
.906-.999 3 8.3
.800-.899 5 13.9
.700-.799 13 6.1
600-,69% 5 13.9
S00-.599 4 11,1
.400-.49% 2 3.6
.300-.399.... 3 8.4
B Y 2 POV P 36 100.0

the time of anmalysis was 72 and 75° F. respectively.
These data indicate that factors other than the content
of milk fat also affect self-dispersion,

Effect of temperature on ease of dispersion by
stirring. Since temperature affected the self-dispersing
characteristic property of dry whole milk, especially at
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Mean square
Stirring M%"‘“S‘c{ﬁ'{c (variance F rati Significant
time (d\fvlicalcs) attributable to rakse levels
4 temperature)
seconds k)
L0965 0.363 5.83 5-10
L0695 5.250 76.00 .5
L0782 4.940 63.00 5
Combined. ..cccoeerveeeninnns 0805 9.218 1 115,60 .5

The variation in grams of powder dispersed attributa-
ble to temperature of powder is very definite when com-
pared with variation due to error of replication except
for 20 seconds stirring. For this stirring time the tem-
perature differential was not clearly demonstrated with
the available data.

The mean square (variance) attributable to time of
stirring for all three times was 11.825 and that attribu-
table to powder variation 2.551. The variance associated
with length of stirring is comparable to the variance
associated with temperature of powder, but beth are con-
siderably larger than the variance associated with the
powders. Flowever, all three sources of variance are
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significant at the 0.5 percent level when compared with
the error variance.

The time-temperature interaction mean square is
0.751 which is significant at the 0.5 percent level with
respect to the error mean square, and the differential
thus varies significantly under different lengths of
stirring time for the 20-45 second range. When con-
sidering only 30 and 45 seconds stirring times, the
mean squares for temperature, time, and their mter-
actions are, respectively 10.188, 3.726, and 0.003. The
first two are definitely significant, but the last is clearly
negligible. In this range of stirring time, the tempera-
ture effect is more important than the effect of stirring
time and there is no evidence that the temperature dif-
ferential differs for the two stirring times.

These data {Table 8) are important in that they
demonstrate that whole milk powder tempered to
120° ¥, dispersed more easily by manual stirring in
water at a temperature of 75% F. than does whole milk
powder tempered to 72°F. These powder tempera-
tures, 120° F. and 72° F, are, respectively, well above
and below the melting range of milk fat.

SUMMARY AND CONCLUSIONS -

Tempering dry whole milk to temperatures which
cause melting of milk fat increased self-dispersion. Slow
cooling of dry whole milk from 120° F. to 76° F. acted
to decrease self-dispersior:; however, four to five hours
were required to obtain new values comparable to initiai
values, Milk powder in which 20% corn vil was substi-
tuted for the milk fat, demonstrated a gradual increase
in self-dispersion concomitant with an increase in tem-
perature of powder; however, a sharp increase in self-
dispersion failed to occur at or near the melting range
of milk fat.

Temperature of the water near the melting range of
milk fat caused a large increase in self-dispersion of
whole mille powder. As the milk fat content of milk
powder was increased, self-dispersion decreased. The
powders were tested at 72° F. in water at 75°F.
Seventy-five percent of the self-dispersion values result-
ing from analysis of 36 samples of premium grade dry
whole milk were within the following ranges: .500-.599;

(5]

.600-.699; .700-.759; and .800-899 ¢. When the tem-
perature of the water was constant at 73° F., whole milk
powder tempered to 120° F. dispersed more rapidly by
mantal stirring than powder tempered to 72° I,
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